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ABSTRACT
Microbial groups developed in the rhizosphere ensure the stability and dynamics of nutrient transfer processes 
to plants. Additional soil inoculation with rhizospheric bacteria acts to expand the ecological niche, supplements 
the activity, the number of individuals and promote plant growth. In today’s agriculture, there is a need for the usage 
of rhizosphere microflora and integrative approaches to stimulate plant growth. The aim of the study is to evaluate 
the use of biofertilizers as starter stimulators in autumn wheat. Different concentrations of Bactofil, containing 
rhizospheric bacteria, were applied in small rhizothrones. Evaluation of relationships between bacterial inoculum 
and plant reveals the degree of applicability and adaptation to the soil conditions of exogenous microflora. Doses 
of 15.6 x 108 and 20.8 x 108 cells/m2 stimulates the root elongation and higher level of mycorrhization. Bioproducts 
can be viable solutions to stimulate the initial development of wheat plants.
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INTRODUCTION
Rhizosphere represents the narrow area 
around the plant roots and is a very dynamic 
environment. The area is dominated by a diverse 
microbial community and is strongly influenced 
by root exudates, represented by sugars, amino 
acids, fatty acids, enzymes, growth regulators 
and secondary metabolites (Carvalhais et al., 
2011, Jones et al., 2004). Release of root exudates 
together with decomposed vegetal material 
provides carbon sources for heterotrophic 
soil biota (Aroca, 2013). Microorganisms in 
the rhizosphere play the role of intermediary 
between plants and soil, establishing complex 
interrelationships throughout the vegetation 
period and can perform functions such as soil 
improvement, degradation of pollutants and 
removal of dangerous compounds from ecosystem 
(Arora, 2015, Sandor et al., 2016). Rhizosphere 
control is a key process in mechanisms needed 
to solve critical issues facing the planet, including 
agriculture, improvement of water quality, climate 
change mitigation and biodiversity conservation 
(Trabelsi and Mhamdi, 2013).
The plants co-evolved into contact with a 
large number of microorganisms over millions 
of years, the rhizosphere becoming a specialized 
environment that ensures increased availability 
of nutrients and productivity (Slaughter, 2016, 
Varma and Kharkwal, 2009). The symbiotic 
association between plants and fungi occurred 
over 400 million years ago (Bonfante, 2009), 
the interaction being as old as the appearance of 
plants on the earth (Gutjahr and Parniske, 2013) 
and partners have been selected following a long 
evolutionary process. Arbuscular mycorrhizas 
are symbiotic associations defined by arbuscules 
and vesicles as intracellular structures, formed 
within the root during the stages of development 
(Bonfante and Genre, 2010). This type of 
mycorrhiza does not cause changes in the root 
structure, the fungi having both intradicular and 
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intracellular development. Mycorrhizal symbiosis 
is considered to be a highly adaptive mechanism of 
plants from various systematic units (Brundrett, 
2002), and their absence is an exception. 
In the current context of agriculture, soil 
fertility is seen from the perspective of atmospheric 
nitrogen fixation potential, phosphorus solubility, 
structure maintenance, xenobiotic breakdown 
and plant pathogen control. In the absence of 
these functions, the soil is considered a non-living 
entity with minerals and chemical compounds. 
Functional microbial soil groups are considered 
to be those involved in the nutrient and organic 
matter circuit, acting directly in one or more 
biochemical circuits (Onica et al., 2017, Rai, 2005). 
Bacteria are the most numerous microorganisms 
in the soil, being able to obtain energy and 
nutrients by decomposing plant matter and root 
exudates, establishing the level of competition of 
host plants (Paracer and Ahmajian, 2000). Plant 
growth is limited by the amount of nitrogen in the 
soil, naturally the supply of nitrogen compounds 
beeing ensured by bacteria (Santi et al., 2013, 
Cocking, 2003, Kneip et al., 2007).
Microbial bioproducts are solutions that 
contain living organisms capable of colonizing 
the rhizosphere and transferring essential 
nutrients to plants, in order to improve their 
growth and development. Formulas of complex 
consortia applied to seeds, roots or soil are used 
to increase the availability of nutrients through 
their biological activity, also helping to efficiently 
reconvert existing microflora (Bhattacharjee 
and Dey, 2014). The necessity of using microbial 
bioproducts resulted from two reasons: increasing 
agricultural production and reducing the use of 
mineral fertilizers (Bahadur et al., 2015).
MATERIALS AND METHODS
This study aims to evaluate the potential 
of biofertilizers as starters and stabilizers 
of root development of winter wheat. The 
experiment was installed under controlled 
conditions in rhizothrones, with a biological 
material represented by Arieşan variety, created 
at ARDS Turda. On soil were applied different 
concentrations of Bactofil B10, a biofertilizer 
based on Azospirillium lipoferium, Azotobacter 
vinelandii, Bacillus megaterium, B. circulans, B. 
subtilis, Pseudomonas fluorescens, Micrococcus 
roseus, macro and micro elements, biosynthesized 
enzymes, growth stimulators, plant hormones and 
vitamins produced by Agrobio (www.agrobio.ro). 
Along with the uninoculated variant, considered 
as control (co), the concentrations applied were of 
5.2 x 108 cells/m2 (da), 10.4 x 108 cells/m2 (db), 
15.6 x 108 cells/m2 (dc) și 20.8 x 108 cells/m2 (dd). 
The soil used in the experiment was a phaeoziom 
argic with a pH of 6.5, humus 3.44%, N-NO
3
 7.65 
ppm, N-NH
4
 1.74 ppm, Nmin 17.72 ppm, P-Al 25 
ppm.
Assessment of the relationship between the 
bacterial inoculum and plants is carried out under 
controlled growth conditions in order to assess the 
degree of applicability and adaptation to the soil 
conditions of products with exogenous microflora. 
Above- and bellowground development of plants 
was analyzed at 3 weeks after their emergence. For 
an overview of the effect of the applied inoculum, 
the ratios of the root and shoot biomass were 
calculated, also the percentage of participation 
of each component in the total biomass of the 
plant. The level and dependence of plants toward 
mycorrhizas was assessed using the method 
described by Stoian et al. (2016). Identification 
of effective inoculation concentrations provides a 
much clearer picture of mycorrhizal mechanism 
in winter wheat based on synergistic microbial 
supplementation in the rhizosphere. Data analysis 
was performed with RStudio (R Core Team, 2017), 
packages “agricolae” (de Mendiburu, 2017) for 
ANOVA and Fisher-LSD and “vegan” (Oksanen et 
al., 2017) for PCA plots. 
RESULTS AND DISCUSSIONS
Based on the results of ANOVA, a reduced 
impact of applied treatments on vegetative 
development can be observed compared to 
mycorrhizal symbiotic status (Tab. 1). The root 
is more strongly influenced than aboveground 
growth, with similar standard deviations, but 
without statistical assurance. In contrast, the 
root/shoot ratio and root percentage throughout 
the plant show significant variations due to the 
application of different doses. For mycorrhizas, 
the strongest influence of treatment is visible at 
the frequency of phenomenon, the mean being set 
at a value close to 90%. The standard deviation 
of the intensity and degree of colonization is over 
7%, indicating the effectiveness of soil inoculation 
with bacteria as a support in promoting the natural 
mechanisms of mycorrhization. Arbuscules 
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have low mean values, due in particular to the 
ephemerity of these structures compared to 
the cells they colonize (Kobae and Hata, 2010, 
Parniske, 2008).
The root length varies within 2-3 cm due to 
the application of the treatments (Tab. 2), but 
without significant differences. High doses of 
inoculum (dc and dd) lead to a root growth over 
8 cm, as an opposite aboveground increases 
being higher at low dose rates. The phenomenon 
indicates the stronger effect of bacteria on root 
growth in this growth phase Souza et al., 2015, 
Vachero et al., 2013), providing a greater support 
for the further development of mycorrhizal fungi. 
The root/shoot ratio is higher at low doses, with a 
statistically maximum at a dose of 5.2 x 108 cells/
m2 (da). Following this trend, the same treatment 
had a root percentage in the entire plant over 
54%. In this context, the bacteria have acted to 
produce a small root, but well provisioned with 
nutrients and smaller amount of transferred 
untrients in shoot. An interesting aspect is visible 
at the dose 15.6 x 108 cells/m2 (dc), which leads to 
the formation of a long root (8.33 cm) but occupies 
less than 20% of the total weight of the plant. This 
phenomenon is due to the potential of inoculated 
bacteria to promote plant growth and by providing 
the necessary nitrogen and phosphorus in the first 
growth phases (Bashan and de-Bashan, 2005, 
Majeed et al., 2015).
Datas on vegetative development are partly 
supported by mycorrhizal development in root 
system (Tab. 3). The only variant with a 100% 
frequency is with 15.6 x 108 cells/m2 (dc), with 
significant differences o control (co) and dose 
of 5.2 x 108 cells/m2 (da). This parameter is 
completed by an intensity of over 25%, indicating 
a rapid transfer of nutrients to the shoots and the 
plant’s investment in their quantitative fixation 
(Saia et al., 2015, Ahemat and Kibret, 2014). The 
intensity is increased in conditions of increasing 
the number of inoculated cells in soil, indicating 
a synergistic effect of bacteria with mycorrhizal 
fungi. Under non-inoculation conditions, the 
frequency and intensity remain within the 
limits of a lax association of mycorrhizas with 
wheat roots (Stoian et al., 2016), the transfer of 
nutrients working poorly between the symbions. 
Tab. 1. Variation of vegetative and mycorrhizal parameters due to the application of treatments
Vegetative Mean±S.D. F p Mycorrhizal Mean±S.D. F p
root length (cm) 7.12±2.01 1.36 0.32
frequency 
(%)
88.44±9.58 45.72 p<0.001
shoot length (cm) 42.76±2.18 0.47 0.76 intensity (%) 18.74±7.13 31.80 p<0.001
root/shoot (g) 0.56±0.60 3.75 0.04
arbuscules 
(%)
0.34±0.49 7.52 p<0.001
root percent (%) 30.57±15.94 4.88 0.02
colonization 
degree (%)
17.15±7.51 32.65 p<0.001
Note: Significant variations (ANOVA test - F, p<0.05 / p<0.01 / p<0.001).
Tab. 2. Dynamics of interaction microbial consortium – plant development (Mean±S.D.)
Treatment root length (cm) shoot length (cm) root/shoot (g) root percent (%)
co 6.50±1.32 a 42.00±2.03 a 0.41±0.11 b 28.94±5.91 abda 6.17±1.04 a 44.36±1.41 a 1.46±0.96 a 54.53±18.63 a
db 5.92±1.42 a 42.67±2.81 a 0.33±0.23 b 23.65±12.03 ab
dc 8.33±2.25 a 42.50±3.12 a 0.23±0.11 b 18.34±6.98 bdd 8.67±2.89 a 42.25±2.05 a 0.38±0.09 b 27.40±5.19 ab
Note: Different letters between treatments denote significant differences (LSD test, p<0.01).
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Arbuscularity is reduced in roots, the maximum 
being reached at the application of a high dose of 
inoculum, 15.6 x 108 cells/m2 (dc). The ephemerity 
of structures and reduced presence in root cells 
indicate an increased transfer potential between 
partners over short periods of time. The volume 
occupied by mycorrhizas in roots, as colonization 
degree, is higher at the maximum inoculum doses, 
with over 20% of the volume, indicating a high 
potential for synergism with inoculated bacteria 
(Saxena and Minaxi, 2014).
The main components show an explanation 
of the parameters variation of 97.53% on the first 
3 axis of the ordering, with a high weight on the 
first axis (Tab. 4.). Factors are loaded on the first 
two axes, except for the length of the root that is 
located on the axis 3. The PCA graph shows the 
separation of vegetation parameters from those 
of the micoride in different planes in response to 
applied treatments (Fig. 1.). Shoot development is 
sensitive to absence and inoculum dose (Bashan, 
1986, Bharti et al., 2016, Lindberg et al., 1985). At 
low dose inoculum (da) the root percentage and 
root/shoot ratio have the highest values, with 
insertion in PCA Axis 1. Arbuscules, colonization 
degree, and mycorrhizal intensity are loaded onto 
PCA axis 1 and positioned in the high inoculum 
(dc) area.
CONCLUSIONS
Application of bacterial inoculum in the winter 
wheat rhizosphere leads to a significant increase 
in the vegetative parameters reports. At doses of 
5.2 x 108 cells/m2, roots have the highest weight 
Tab. 3. Dynamics of the interaction microbial consortium – mycorrhizal mechanism (Mean±S.D.)
Treat frequency (%) intensity (%) arbuscules (%) colonization degree (%)
co 73.33±3.33 d 6.90±1.00 c 0.01±0.01 b 5.08±0.96 cda 85.56±3.85 c 17.50±3.64 b 0.04±0.05 b 15.07±3.87 b
db 94.44±1.92 ab 19.52±2.19 a 0.35±0.07 ab 18.45±2.25 b
dc 100.00±0.00 a 25.89±1.68 ab 1.13±0.64 a 25.89±1.68 add 88.89±1.92 bc 23.88±2.01 ab 0.16±0.06 b 21.24±2.08 ab
Note: Different letters between treatments denote significant differences (LSD test, p<0.01).
Tab. 4. Factor loadings of parameters and variance explained by PCA (Mean±S.D.)
PCA Axis
Variance explained PC 1 PC 2 PC 3
% 69.12 25.13 0.03
Parameter Factor loading
PC 1 PC 2 PC 3
root length 0.006 0.026 -0.122
shoot length -0.067 0.156 0.019
root/shoot -0.082 -0.058 0.004
root percent -0.412 -0.188 0.003
frequency 0.073 0.121 0.023
intensity 0.241 -0.140 0.004
arbuscularity 0.110 -0.016 -0.012
colonization degree 0.287 -0.157 0.008
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and decrease as the inoculum dose increases. At 
doses of 15.6 x 108 cells/m2 and 20.8 x 108 cells/
m2, the roots have a length of over 8 cm and a high 
level of mycorrhization. Maximum arbuscular 
transfer is visible at a dose of 15.6 x 108 cells/m2.
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